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ne of every 13 children in the United States, nearly 6 million, has a food allergy, 1 and the incidence is increasing. 2 Although research has not yet elucidated the exact mechanism(s) responsible for the increase in childhood food allergy, the "hygiene hypothesis" has been proposed to explain the increasing incidence. The hygiene hypothesis was first described by Strachan 3 in 1989 to explain the rising incidence of asthma and proposes that early microbial exposure impacts the immune system, which thus decreases the risk for allergic disease. 4 Although this hypothesis has been well studied for asthma, it has not yet been extensively studied for food allergy. Results of recent studies showed that early life viral infections, such as rhinovirus 5 and respiratory syncytial virus (RSV), 6, 7 may be associated with increased asthma. With regard to food allergy, skin barrier deficiencies, e.g., atopic dermatitis, have been associated with food allergy and food sensitization. 8, 9 Here, we used a sample of children with and without food allergy to assess whether hygiene factors are associated with a food allergy and/or asthma diagnosis. We investigated key hygiene factors, including, antibiotic use, infections, siblings, pets, maternal child health factors and child care, and their association with food allergy and asthma in the same cohort of patients in which many showed comorbidity. This design allowed us to explore the influences of these factors on asthma or food allergy in the same patients and families.
METHODS

Sample Recruitment
A total of 2834 children were enrolled in the Chicago Family Cohort Food Allergy study. The present study included 1359 of those children. Families with one or both parents, and at least one biologic child (ages 0 -21 years) with food allergy were eligible to participate. Parents and other siblings were not required to have a food allergy to participate. Families were recruited through general pediatric and allergy specialty clinics, community support groups, and media advertisements. The institutional review board of the Ann and Robert H. Lurie Children's Hospital of Chicago approved the study protocol. All participating families provided written informed consent. For these analyses, we included all children within the recruited families. This included children who had food allergy and/or asthma and those who had neither.
Food Allergy Status
Food allergy status was determined by board-certified allergists (J.P.) by applying a set of clinical criteria to data gathered from a questionnaire, and results from specific immunoglobulin E and skin-prick testing. Clinical criteria for food allergy were met if positive test results (specific immunoglobulin E or skin test) corroborated typical symptoms of an allergic reaction to that food with onset within 2 hours of ingestion by parental report. A specific immunoglobulin E level of Ͼ0.35 kUA/L was considered positive, and a positive skin-prick test result was defined as a mean wheal diameter of Ն3 mm than the saline solution control. Symptoms were assessed for each reported allergen by an allergist (J.P.) and included any of the following: hives or angioedema (skin); difficulty breathing, shortness of breath, repetitive coughing, wheezing, or chest tightness (respiratory tract); throat tightness, choking, or difficulty swallowing; tongue swelling (oropharynx); fainting, dizziness, light-headedness, or decreased level of consciousness (cardiovascular system); or vomiting (gastrointestinal tract).
Outcome Measurements
Trained research staff (D.C.) administered a structured questionnaire to each parent about their child's history of food allergy, asthma, number of siblings, antibiotic use, infections, pets, maternal child health factors, and child care. For asthma and eczema, a physician diagnosis was required as well as the age of diagnosis. Asthma medications were also reported. For antibiotic use, the parents were asked about the number of times that their child took antibiotics in his or her first year of life. A brief description and examples of antibiotics were provided. For infections, the parents were asked about the number of times that their child had any of the following illnesses in the first year of life: common cold, gastric and/or intestinal infections, conjunctivitis, ear infections, pneumonia, skin infection, urinary tract infections, parasite infections, bone infections, meningitis, bacteremia and/or sepsis, and/or sinus infections.
For pet ownership, the parents were asked to report the number and type of pet that was present during the child's first year of life. These included the following: cat, dog, fish, bird, reptile, rabbit, guinea pig, and other. The parents were also asked questions about mode of delivery (caesarean section or vaginal), child care, and breast-feeding practices. Child care questions included whether the child was cared for outside of the home before age 5 years: where (i.e., child care center or preschool, home-based child care in someone else's home, home-based child care in the parents' own home), duration, and the number of other children present in the child care setting. For breast-feeding, the mothers were asked if the child was breast-fed, bottle fed, or both, how long they exclusively breast-fed, and how long they breast-fed both with and without formula supplementation.
Statistical Analysis
To characterize the association between hygiene factors, food allergy, and asthma, the prevalence of current food allergy and asthma were calculated overall and for subgroups of the participants. The unadjusted association between risk factors and the outcome measures were examined by using 2 tests for categorical variables and the difference of means tests for risk factors that were continuous. We also estimated Poisson regression models for each risk factor. To explore the adjusted association between risk factors and outcomes, and to estimate prevalence ratios, separate Poisson regression models that included standard errors that were adjusted for clustering within families, were estimated. 10 All statistical analyses were completed by using STATA statistical software (StataCorp LP, College Station, TX).
RESULTS
Demographic Characteristics
Demographic characteristics are shown in Table 1 . All the participants in the study completed the baseline questionnaire; a total of 984 families were included in these analyses. Forty-three percent of the subjects were children ages 2-5 years old, with an average of two siblings per household (49.3%). The participants were predominantly non-Hispanic white (74.5%). Thirty percent of the children in the study had asthma (5.3% had asthma only), 61.2% had a food allergy (36.6% had food allergy only), 33.4% had neither, and 24.6% had both food allergy and asthma.
Infections and Antibiotic Use
In the unadjusted analysis, food allergy was significantly increased if a parent reported that a child had a Similarly, antibiotic use significantly increased the child's chances for current asthma (59.9 versus 51.5%; p Ͻ 0.01). We also tested the models for multicollinearity by calculating the variable inflation factors for the independent covariates. The mean variable inflation factor was 1.11; often values of Ͼ10 are considered collinear, but, even if we used a more conservative cutoff of 2.5, our highest variable inflation factor value for any variable was 1.33.
Maternal Child Health Factors and Child care
For children with food allergy, no significant associations with maternal child health factors (maternal age, caesarean section, breast-feeding, or out-of-home child care) were found. In contrast, out-of-home child care in a center or preschool (76.4 versus 62.8%; p Ͻ 0.01) and home-based child care (24.4 versus 19.1%; p Ͻ 0.05) were each significantly associated with current asthma (Table 2 and Table E1 [Supplemental data available at www.IngentaConnect.com]).
Pet Exposure
In the unadjusted analysis, for children with food allergy, no significant associations with pet ownership were found. However, for children with asthma, cat ownership showed a significant inverse association (10.3 versus 18.3%; p Ͻ 0.01).
Adjusted Analyses
The following variables were controlled for in the adjusted analysis based on previous studies, parentreported infections, eczema, antibiotic use, age, race, sex, household income, pets, parental atopy, number of siblings, breast-feeding, and child care. A parent-reported history of skin infection (prevalence ratio [ (Table 3) .
DISCUSSION
In this study, we investigated the relationship among factors related to hygiene and food allergy and asthma, including antibiotic use, infections, the number of siblings, pets, maternal child health factors, and child care. Interestingly, factors associated with food allergy were different than factors associated with asthma. For food allergy, skin infection and eczema in the first year of life were associated with increased prevalence, whereas the number of siblings and child care in a child care center were associated with decreased prevalence. For asthma, RSV and eczema were associated with increased prevalence, whereas the number of siblings and owning a cat were associated with decreased prevalence. Analysis of our data indicated that skin infections and eczema in the first year of life were independently associated with food allergy. This was of particular interest, given evidence of the skin as a sensitizing area of exposure in food allergy. 11 In addition, skin infections often occur in children with atopic dermatitis, and epicutaneous food exposure may be of increased consequence on skin with atopic dermatitis. 12 Skin barrier deficiency, either in the setting of epidermal mutations 8 or atopic dermatitis disease severity, 9 has been associated with food allergy and food sensitization. Skin infections may play a role in tissue-specific immune responses, which resulted in food sensitization through the skin. Common respiratory infections, such as the common cold, RSV, and pneumonia, were not significantly associated with food allergy after adjusted analysis, which indicated that respiratory infections may be less important in the development of food allergy compared with asthma. For asthma, our data corroborated previous studies that showed an association with early life respiratory infections. [5] [6] [7] Infections of the lower respiratory tract with viruses, such as rhinovirus and RSV, have been well described as altering the development of the respiratory and/or immune system, which increases the likelihood of developing asthma, especially in children who are predisposed. 5, 6, 13, 14 The responses in our study that related to RSV or respiratory infections were clearly associated with asthma but not with food allergy. Although previous studies showed associations between asthma and early lower respiratory tract viral infections, the literature that describes an association with early bacterial infections and antibiotic use with asthma is mixed. [15] [16] [17] [18] [19] In several studies of antibiotic use, infections and asthma have been inconclusive or circumstantial. 15, 16 Our study indicated that there was no association between antibiotic use in the first year of life with the diagnosis of food allergy or asthma.
Children of larger families are often exposed to more infections from siblings than children of smaller families, which can lead to a decrease in atopic disease. 3, 15 Analysis of our data provided supportive evidence to the finding that family size and allergic disease were inversely related. A similar increase in exposure to infection is seen in child care centers. Children who were cared for in a child care center had a decreased prevalence of food allergy in our sample, which has been indicated previously. 20 This inverse association supported the possibility that greater exposure to a diverse array of bacteria in early life can protect the child against atopic disease later in life. 3 Indeed, the microbiome may play a role in maintaining inflammatory homeostasis and immune regulation, 21 including in food allergy. 22 The present study had several limitations. Our sample was composed of predominantly white, upperincome families. As such, our findings may not be generalizable to the U.S. population. Future studies should evaluate food allergy in more ethnically and socioeconomically diverse groups. Because information about the child's asthma, additional medical history, and hygiene factors were based solely on parents' report and not medical record review, recall bias existed, especially for questions that were asked about the child's infection history and antibiotic use in the first year of life. We also did not collect the specific month in which the child was given antibiotics. Regarding a food allergy diagnosis, although children were not food challenged, the definition of food allergy for this study was more stringent than most published large-scale epidemiologic studies of food allergy. [23] [24] [25] [26] [27] A unique strength of this study was that families of children with food allergy were enrolled along with their siblings, who may or may not had allergic diagnoses. The subjects and controls were of similar genetic makeup and were raised similarly. Thus, we were uniquely positioned to assess the role of different exposures on current food allergy and asthma.
CONCLUSION
Our study raised important questions regarding the contributions of hygiene factors in allergic diseases. Although our findings indicated influences of several of these factors on asthma, the associations with food allergy were less profound. The associations with eczema and skin infection to food allergy aligned more closely with the potential involvement of skin as a route of food allergy sensitization than the established influences of the hygiene hypothesis seen in asthma.
